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Abstract: The presence of n-alkanes, free alcohols and free acids in leaf epicuticular wax extracts of 22 samples of 11 
Euphorbia L. species belonging to the sections Paralias, Esula, Myrsiniteae and Helioscopia, 10 of which were never examined 
before, were analyzed by gas chromatography (GC) and gas chromatography/mass spectrometry (GC/MS), and n-alkane 
C27 was detected as the principal component of leaf epicuticular waxes in the majority of the examined species, while the 
most abundant free alcohol was C26. Three Euphorbia species belonging to section Helioscopia were characterized by a 
predominance of alcohol C28. Free acid (C16) was the major component in 21 investigated samples. The usefulness of 
n-alkanes and free alcohols and free acids as potential chemotaxonomic markers is briefly discussed.
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INTRODUCTION
The genus Euphorbia, with more than 1900 species 
distributed throughout the world, mainly in tropical, 
subtropical and warm temperate areas [1], is one of the 
largest and most diverse genera among the Euphor-
biaceae family, but also in the whole Embryophyta. 
Euphorbia species are monoecious or dioecious herbs, 
either geophytic, succulents, shrubs or trees, with a 
corrosive milky latex. Stems are often spiny, and many 
species are cactoid. Arrangements of leaves on the 
stem are spiral, opposite or whorled. Flowers are in 
cyathia, without perianth members. The male flowers 
are reduced sometimes to one stamen, surrounding one 
female (sometimes absent) flower with a gynoecium of 
three carpels that mature before the male flowers. The 
whole structure is surrounded by a ‘whorl’ of green 
perianth-like bracts with four horn-shaped glands 
between them, probably representing stipules or bracts. 
Euphorbia plants have explosive fruits (occasionally 
drupes). Seeds are dispersed by ants, birds, the wind, 
etc. [1]. Out of 105 Euphorbia species found in Europe 
[1], 73 are documented on the Balkan Peninsula [2].
Leaf epicuticular wax, as an essential barrier, is a very 
important component of terrestrial plants [3-4]. A charac-
teristic epicuticular wax composition, especially n-alkanes, 
is found among different kinds of plants and has been 
suggested as a potential character for chemotaxonomy 
[5-9]. Leaf wax n-alkanes have successfully been used as 
taxonomic characters for some plants, mostly at the genus 
and species levels [10-14]. Earlier investigations of various 
vascular plant groups showed that n-alkane composi-
tion could be useful as an additional chemotaxonomic 
character at different levels [10-11,15-17]. It was shown 
that n-alkanes from leaf waxes and their average chain 
length (ACL) could be considered as taxonomic markers 
for the separation of the subgenera Dendrocalamus and 
Bambusa [18]. The dominant n-alkanes and their ACL 
values also served as the criterion for determination of the 
evolutionary stages of Dendrocalamus, Dendrocalamopsis 
and Bambusa species [18].
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Waxes extracted from the leaves of five Euphorbia 
species were analyzed for their contents of alkanes, 
esters, aldehydes, free alcohols and acids [19]. As 
constituents of epicuticular waxes of several Euphorbia 
species, apart from common lipid wax constituents, 
triterpenols and ketones [20], branched hydrocarbons 
[21] and triterpenoids [22] were detected and analyzed. 
Apart from E. cyparissias L. [20-21], none of the other 
ten studied Euphorbia species have previously been 
examined for their leaf epicuticular wax contents.
Continuing our work on specialized metabolites 
of Euphorbia species [23-24], as well as investiga-
tion of leaf epicuticular waxes as a useful source of 
chemotaxonomic markers such as n-alkanes [25-26], 
the aim of this study was to analyze the n-alkanes, 
free alcohols and free acids of eleven Euphorbia spe-
cies (ten studied for the first time) that grow wild in 
the central Balkans. The analyzed species belong to 
four sections of the genus Euphorbia: Paralias, Esula, 
Myrsiniteae and Helioscopia [27]. Additionally, in 
search of new valuable chemotaxonomic characters, 
the composition of the analyzed metabolites of these 
species were compared within four Euphorbia sections, 
Paralias, Esula, Myrsiniteae and Helioscopia.
MATERIALS AND METHODS
Plant material
Twenty-two samples of 11 Euphorbia L. species were 
collected in lowland and mountain regions of Ser-
bia, Montenegro and the FYROM (Macedonia) 2010-
2012 (Supplementary Table S1). Voucher specimens 
were deposited in the Herbarium of the University of 
Belgrade, Faculty of Biology, Institute of Botany and 
Botanical Garden “Jevremovac” (accession numbers: 
BEOU 16858-16879).
Chemicals and reagents
Organic solvents, dichloromethane (CH2Cl2), hexane 
and methanol and the reagent for trimethyl silylation 
(N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA)) 
were purchased from Sigma-Aldrich Co. Column 
chromatography (CC) was performed on a silica gel 
70-230 mesh, ASTM, Merck. Silica gel 60 F254 pre-
coated aluminum sheets (0.25 mm, Merck) for thin 
layer chromatography (TLC) were used.
Extraction and fractionation
Samples of fresh whole leaves (1 g) were briefly washed 
with CH2Cl2 (20 mL) and the solvent evaporated to dry-
ness to obtain crude extracts (4-14 mg). The complexity 
of the crude extracts was established by TLC and GC/
MS analysis. Fractionation of each crude extract was 
performed by column chromatography (CC) on silica 
gel. Elution with hexane (20 mL) afforded a less polar 
fraction (0.2-11 mg) that was examined directly by GC/
MS. Further elution with more polar solvents, CH2Cl2 
(20 mL), followed by 2% methanol in CH2Cl2 (10 mL), 
yielded a more polar fraction (1.4-11.9 mg) that was 
derivatized with BSTFA. Each sample was dissolved in 
CH2Cl2, BSTFA was added, and the mixture was kept for 
30 min at 70°C. A typical procedure for derivatization is 
given in the product specification [28]. The product was 
analyzed by GC/MS. From the extracts of leaf epicuticular 
waxes, two fractions of different polarities (a n-alkane 
fraction and a fraction consisting of free alcohols and free 
acids) were isolated and analyzed by GC and GC/MS.
GC-FID and GC/MS analyses
GC-FID and GC/MS analyses were carried out with 
an Agilent 7890A apparatus equipped with an auto-
injection system (Agilent 7683B Series), an inert 5975C 
XL EI/CI mass-selective detector (MSD) and a flame 
ionization detector (FID) connected by a capillary 
flow technology 2-way splitter with make-up, and a 
HP-5 MS fused-silica capillary column (30 m×0.25 
mm, film thickness 0.25 µm). The oven temperature 
was programmed linearly, rising from 60 to 300°C at 
3°C/min and then isothermal at 315°C for 10 min; 
injector temperature was 250°C; detector temperature 
was 300°C; source temperature was 230°C; quadrupole 
temperature was 150°C; carrier gas: He; 16.255 psi, 
constant pressure mode. Samples (1 µL) were injected 
in splitless mode. Electron-impact mass spectra (EI-
MS; 70 eV) were acquired over the m/z range 30-550. 
Solvent delay was 3 min. The components were identi-
fied based on the comparison of their retention indices 
(RIs) with those of reference spectra (Wiley and NIST 
databases) as well as by the retention time locking 
(RTL) method and comparison with the RTL Adams 
database. The RIs were experimentally determined 
using the standard method [29] related to the tR of 
n-alkanes injected after the sample under the same 
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chromatographic conditions. The relative abundance 
of the n-alkanes (Table 1) was calculated from the sig-
nal intensities of the homologs in the GC-FID traces.
Calculation of CPI and ACL Values
The carbon preference indices (CPIs) were calculated 
by using the equation of Bray and Evans [30]. The ACL 
of C25-C33 alkanes was calculated using the equation 
of Poynter and Eglington [31].
RESULTS
Alkanes
All samples exhibited n-alkane patterns with a pre-
dominance of odd-numbered homologs in the range 
C23-C33. The dominant constituents belonging to n-
alkanes were: C27 (8.29-76.46%), C29 (13.34-64.99%) 
and C31 (2.46-51.78%) (Table 1), except for one sample 
(EN2) of E. nicaeensis, where the most abundant al-
kane was C25 (39.16%). Nevertheless, C27 n-alkane 
predominated in five Euphorbia species: E. seguieriana 
subsp. niciciana and E. seguieriana subsp. seguieriana, 
E. cyparissias, E. amygdaloides, E. salicifolia, and E. 
polychroma. In E. nicaeensis (EN1 and EN3), E. pan-
nonica, E. lucida and E. palustris, the major n-alkane 
was C29. In the remaining two species, E. myrsinites 
and E. glabriflora, the most abundant n-alkane was C31.
Regarding the comparison of n-alkane composition 
in analyzed representatives of section Paralias, C27 
n-alkane was predominant in E. seguieriana, while in 
E. nicaeensis and E. pannonica C29 n-alkane was domi-
nant. In section Esula, three species (E. cyparissias, E. 
amygdaloides and E. salicifolia) were characterized by 
n-alkane C27, and one species (E. lucida) by n-alkane 
C29. In E. myrsinites from section Myrsiniteae, n-alkane 
C31 was the major compound. In section Helioscopia, 
different dominant n-alkanes were found in all three 
Table 1. Relative concentrations of odd n-alkanes (as the percentage of total hydrocarbons), calculated CPIs and ACLs in leaf epicuticular 
waxes of the studied Euphorbia species.
Species Labels C23 C25 C27 C29 C31 C33 CPIa ACLb
E. seguieriana Neck. subsp. niciciana 
ESN1 2.31 6.91 43.13 33.99 4.40 0.23 20.66 24.67
ESN2 4.22 16.19 28.50 27.82 14.82 0.85 22.78 24.68
E. seguieriana Neck. subsp. seguieriana
ESS1 0.88 3.22 51.75 31.56 7.83 0.39 33.39 26.49
ESS2 2.80 9.44 43.88 29.72 7.91 0.81 24.85 25.64
E. nicaeensis All.
EN1 1.42 6.90 34.99 47.89 – 1.52 15.29 25.56
EN2 12.82 39.16 20.09 13.34 2.59 0.99 28.49 20.21
EN3 1.81 4.22 28.79 48.56 8.62 1.21 23.49 25.96
E. pannonica Host EP1 1.88 5.09 21.22 64.99 2.46 0.16 39.36 26.66
E. cyparissias L.
EC1 1.36 5.30 49.20 30.46 6.57 0.47 22.22 25.63
EC2 1.89 5.49 45.16 33.38 7.15 0.60 19.90 25.66
EC3 1.10 3.55 50.74 29.95 8.05 0.80 22.37 26.02
EC4 2.91 8.72 40.38 26.92 9.73 0.57 16.51 24.09
E. amygdaloides L.
EA1 1.30 8.01 55.87 22.73 2.66 0.02 21.04 25.51
EA2 1.32 7.09 39.85 34.60 9.18 0.16 15.89 25.46
E. salicifolia Host
ES1 1.98 8.09 76.46 0.33 5.36 0.43 17.85 24.57
ES2 2.89 23.72 40.00 22.74 3.46 0.33 23.70 24.51
E. lucida Wald. et Kit. EL1 2.68 8.46 31.62 38.10 8.94 1.30 19.92 24.76
E. myrsinites L. EM1 1.02 5.73 8.29 21.35 49.10 4.54 13.31 26.58
EM2 1.79 10.64 13.23 23.04 34.12 4.41 13.00 24.95
E. glabriflora Vis. EG1 0.96 2.13 8.71 23.82 51.78 2.77 12.71 26.76
E. palustris L. EPa1 1.58 6.17 33.61 45.30 6.40 0.73 26.06 25.98
E. polychroma A. Kern. EPo1 1.98 7.54 58.53 14.77 7.42 1.00 18.08 24.60
aCarbon preference index, CPI=[(ΣC23–33)odd+(ΣC25–35)odd]/[2x(ΣC24–34)even];
bAverage chain length, ACL=Σ[ci]xi)/Σ[ci] for i=23-35, with ci as the abundance of the n-alkane containing i carbon atoms.
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species: C31 in E. glabriflora; C29 in E. palustris and 
C27 in E. polychroma. The CPIs were used to express 
the predominance of odd over even carbon n-alkanes, 
and the ACLs of the C25-C33 n-alkanes were calculated, 
and their values are compiled in Table 1. The values 
of ACL were in the range 20.21-26.76, while CPI>1 
indicated the presence of odd carbon n-alkanes.
Free alcohols and free acids
Free alcohols were predominantly present as even-
carbon-numbered alcohols (Table 2). Free alcohols C26 
(13.50-95.38%) and C28 (0.28-69.38%) prevailed. In 
eight of the studied Euphorbia species, C26 alcohol was 
the most abundant, while C28 was the predominant 
alcohol in three species (E. glabriflora, E. palustris and 
E. polychroma).Two samples of E. nicaeensis possessed 
lower amounts of C26 alcohol (41.10% and 31.04%, 
respectively) and were the only examined samples 
with remarkable amounts of C18 alcohol (26.48 and 
23.50%, respectively). E. nicaeensis also contained a 
large amount of C26 alcohol (78.21%) and a very low 
amount of alcohol C18. The highest amounts of alcohol 
C26 were detected in E. lucida 95.38%, E. myrsinites, 
84.66 and 92.60%. Even-carbon-numbered free fatty 
acid was predominant, identified and quantified as 
a TMSi derivative. The predominant free alcohol of 
species belonging to section Helioscopia was C28 com-
pared to all the other investigated species belonging 
to different sections (Paralias, Esula and Myrsiniteae), 
which were characterized by the presence and even 
predominance of C26 alcohol. In all examined samples 
of Euphorbia species, C16 acid was the most abundant 
(27.87-57.80%), except in E. seguieriana Neck. subsp. 
niciciana where C24 acid was predominant (43.22%).
DISCUSSION
To date, many different attempts, besides morphological 
features, have been made to assist in the infrageneric 
classification of the genus Euphorbia. They have in-
cluded, beside chromosome number [32] and different 
specialized metabolites (terpenes, alcohols and acids 
from the latex), which were shown to possess a sys-
Table 2. Relative concentrations of even free primary alcohols and fatty acids (as the percentage of total primary alcohols and fatty acids, 
respectively) in leaf epicuticular waxes of studied Euphorbia species.
Species (from one or several locations) Alcohols Acids
C18 C24 C26 C28 C16 C18 C22 C24
E. seguieriana Neck. subsp. niciciana 0.53 5.83 66.45 12.11 27.87 7.31 4.46 43.22
0.98 3.22 94.55 0.45 55.71 11.74 7.82 4.06
E. seguieriana Neck. subsp. seguieriana 2.66 3.68 81.32 6.13 48.50 14.53 8.46 4.34
1.62 2.84 89.35 1.82 57.49 10.08 6.39 6.52
E. nicaeensis All.
26.48 – 41.10 7.13 44.78 8.43 3.13 2.37
0.26 0.52 78.21 20.91 35.26 20.63 13.19 11.35
23.50 31.04 11.51 47.26 13.32 2.63 6.28
E. pannonica Host – 1.48 83.60 13.20 30.75 10.58 17.58 19.96
E. cyparissias L.
1.77 3.45 90.10 0.92 55.71 11.74 7.82 4.06
0.99 2.05 92.59 1.08 57.80 11.44 6.92 4.11
1.79 4.00 89.66 0.59 55.34 12.18 7.15 5.03
0.80 2.45 94.41 0.49 52.32 10.51 9.12 5.27
E. amygdaloides L. 1.49 2.68 91.05 0.28 42.36 13.35 5.79 9.04
0.83 6.29 89.18 0.33 52.07 1106 10.41 5.95
E. salicifolia Host 1.71 2.98 88.76 1.90 57.49 10.11 6.42 6.17
0.98 15.73 75.68 0.63 46.54 9.96 10.95 11.17
E. lucida Wald. et Kit. – 1.74 95.38 1.85 43.55 27.32 10.82 6.65
E. myrsinites L. 0.56 6.66 84.66 5.56 40.86 12.15 2.88 13.56
0.58 – 92.60 4.46 48.70 9.30 5.64 3.45
E. glabriflora Vis. – 13.67 13.50 65.09 43.95 11.07 8.24 3.66
E. palustris L. 1.70 1.52 20.45 69.38 57.41 6.82 11.42 3.18
E. polychroma A. Kern. 4.2 2.53 29.071 52.72 43.02 11.66 9.65 4.28
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tematic significance [33-36]. In the largest systematic 
survey of the Euphorbia genus, triterpenoid profiles 
for infrageneric classification were used by Anton [37]. 
Also, Evans and Kinghorn [38] performed a compara-
tive phytochemical investigation of diterpenes of some 
Euphorbia and Elaeophorbia species. Webster [39], based 
on morphology, proposed that Elaeophorbia should 
be reclassified as a subgenus of Euphorbia. Finally, El-
aeophorbia species produce ingenol in the latex, which 
supports segregation from the genus Euphorbia [37]. 
Also, Acharya and Radhakrishnaiah [40] studied 10 
species of Euphorbia from a chemotaxonomical point 
of view. Siegler [41] considered that all phytochemi-
cals (alkaloids, glucosinolates, cyanogenic glycosides, 
diterpenes, triterpenes, lipids and tannins) are very 
useful at the generic levels. In their investigation of the 
epicuticular waxes of five Euphorbia species, Hemmers 
and Gülz [42] concluded that the n-alkane profile of E. 
nicaeensis All. could be considered as species-specific. 
Based on the results of our study, there is no clear dis-
tribution of predominant n-alkanes within each of the 
four studied sections. The presented results revealed 
a rather peculiar distribution of the predominant n-
alkanes of the investigated species, which does not 
correspond to current taxonomic (sectional) affiliation.
In general, the ACL values of all investigated spe-
cies suggest that all species originated at the same time. 
Also, the high value of certain species means that these 
species evolved in areas with the highest temperature.
In most of the analyzed Euphorbia species (samples 
from sections Paralias, Esula and Myrsiniteae), free 
alcohol C26 was the most abundant, while in three 
species from section Helioscopia the dominant alcohol 
was C28. Hemmers and Gülz [42], showed that free 
alcohol C26 prevailed in all investigated Euphorbia 
species, including E. nicaeensis and E. cyparissias. These 
results indicate that free alcohols from epicuticular 
waxes could be considered as potential chemotaxo-
nomic markers. Free fatty acid C16 was dominant in 
all sections, except in sample 1 of E. seguieriana where 
C14 acid prevailed. This result is in agreement with 
previous work where also C16 was a dominant fatty 
acid in the most studied Euphorbia species (E. cyparis-
sias), contrary to C22 in E. nicaeensis [42].
The presented results provide the first insight into 
the composition of n-alkanes, free alcohol and free acid 
profiles in eleven Euphorbia species that grow wild in 
central Balkans. Euphorbia is a large and very complex 
genus with ambiguous infrageneric taxonomy and a 
number of species are morphologically (and perhaps 
chemically) very variable. In spite of intriguing pre-
liminary results, especially based on n-alkanes and 
free alcohols, a relevant chemotaxonomic conclusion 
requires more extensive sampling and investigations 
at intra- and interpopulational levels of the species.
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